For the maping of Cassava mosaic disease (CMD) resistance gene, CO2 and MNga-1 parents were used for hybridization to develop F 1 hybrid seeds and 153 progenies were planted in the field for genotyping. Out of the 75 SSR primers used for parental polymorphism, 57 produced polymorphic bands between parents and these were used to screen the 153 progenies of the cross for genotyping. Out of these 57 SSR primer pairs SSRY32, SSRY36, SSRY83, SSRY339, NS149 and NS890 loci produced single marker which clearly distinguished the parents. Based on the said six primers, 12 progenies out of 153 were identified as self pollinated seeds of CO2 female parent. So these types of SSR markers were very much useful for identification of true hybrid seedlings in the early stage of growth and genotyping of the progenies more accurately for gene mapping.
Introduction
Cassava, (Manihot esculenta Crantz) belonging to Euphorbiaceae, is one of the most important staple food crops in tropics and grown widely under diverse environmental conditions. The tuberous root crop has its origin in South America. Because of the out-crossing nature of the crop (Alves 2002) , it is very important to get the hybrid seeds under controlled conditions for developing mapping population and genotype with DNA markers. Identification of male and female parent specific markers will allow differentiation of true hybrids from selfed parental and outcrossed lines in F 1 because it contains DNA from both the parents. Molecular markers, such as RAPD, ISSR, SSR, AFLP and RFLP have been used in cultivar fingerprinting, seed purity testing and germplasm identification for many crops (Crockett et al. 2000 , Dongre and Parkhi 2005 , Liu et al. 2004 , Nandakumar et al. 2004 . Among the various molecular markers currently available, simple sequence repeats (SSR), also known as microsatellites, are widely accepted as reliable. SSRs have proven to be abundant and well distributed throughout the genome of plants. Because they are co-dominant, detect high levels of allelic diversity, and are assayed efficiently by the PCR (Moyib et al. 2007 , Manigbas and Villagas 2004 , Ye-yun et al. 2005 .
In melon, the hybrid purity of F 1 s was identified using SSR markers and contamination of F 1 hybrid seeds caused by self-inbred and other unknown pollens can be effectively and more reliably detected with SSR primers (Ju-Fen et al. 2008) . In maize, the most widely used method for determination off-sib levels in the F 1 hybrid is the grow out test (GOT) that involves growing a representative sample of the seed followed by analysis of several morphological and floral characteristics of the plant to determine the sib levels. This method is time-consuming and costly, and requires extensive use of land. Wu et al. (2010) clearly demonstrated that SSR marker should be useful for assessing purity of maize hybrid, even if the hybrid is derived from two related parental lines. Similarly genetic purity of hybrids was identified by SSR, ISSR, RAPD and other *Author for correspondence: <cmsan99@gmail.com>.
1 Tamil Nadu Agricultural University, Coimbatore, Tamil Nadu -641 003, India. markers in rice (Yashitola et al. 2002 , Hashemi et al. 2009 ), cotton (Wu et al. 2001 , Asif et al. 2009 , Dongre et al. 2011 , peanut (Gomez et al. 2008) , sugarcane (Zhang et al. 2009 ), sunflower (Iqbal et al. 2010) and cabbage (Liu et al. 2007) . Bianco et al. (2011) used ISSR markers for identification of F 1 hybrids in artichoke and suggested that morphological trait alone is not sufficient to evaluate the offspring precisely. These markers allow the early identification of true hybrids for further evaluation and simultaneously, enable the early disposal of non-hybrids, thus delivering substantial savings in time and resources for true population development. The present studies investigated, usefulness of SSR/microsatellite marker to identify true hybrid progenies in cassava for accurate molecular marker genotyping and gene mapping.
Materials and Methods
Two cassava varieties viz. MNga-1, a CMD resistant variety and CO2, a CMD susceptible variety, were selected based on field trials conducted at Central Tuber Crop Research Institute (CTCRI), Thiruvananthapuram, Kerala and Tamil Nadu Agricultural University (TNAU), Coimbatore, Tamil Nadu to develop the mapping population. The CO2, a variety released from TNAU, Coimbatore, is highly susceptible to CMD, but possesses short plant type, middle branching, profuse flowering and good quality tuber with high starch content. The variety, MNga-1 (TMS30001) was developed at the IITA, Nigeria. It is a backcross derivative of cultivated cassava and wild M. glaziovii. It is a high yielding variety (29 t/ha) with tall plant type, top branching and good flowering.
Hybridization between CO2 and MNga-1 was carried out at Orchard, TNAU. Pollens from MNga-1 were collected and placed on the forcefully opened female flowers of CO2 between 9 and12.00 h. Pollinated female flowers were covered with cloth bags to avoid cross/self pollination through insects. Crossed seeds were collected two months after pollination. A total of 300 seeds obtained from CO2/MNga-1 cross were sown in greenhouse at TNAU for germination and seedlings of 60 days old were transplanted with a spacing of 1 m between plants and rows in a farmer's field at Coimbatore. The recommended crop production practices were adopted during the crop period.
Genomic DNA of the parents and 153 F 1 s were isolated from young fresh leaves adopting the procedure developed by Dellaporta et al. (1983) . The DNA of individual sample was quantified by using a fluorometer (DyNA Quant TM200, M/s Hoefer Pharmacia, Biotech Inc., USA) and its quality was checked on 0.8 per cent agarose gel. The final DNA concentration of all the samples was adjusted to 25 ng/µl. A total of 75 SSR primer pairs representing loci covering all 18 linkage groups as established by Mba et al. (2001) were synthesized from M/s Sigma Aldrich Inc. The primer pairs were used to identify polymorphic markers between CO2 and MNga-1. The SSR primer pairs producing polymorphic markers were surveyed on the seedlings of the 153 F 1 progenies to establish their segregation patterns because of the heterozygous nature of parents. PCR conditions were maintained as described by Mba et al. (2001) . The PCR was conducted in volumes of 20 µl containing 25 ng genomic DNA, 0.2 µM each of forward and reverse primers, 50 µM dNTPs, 1 X buffer (10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 ) and 0.3 unit of Taq DNA polymerase (M/s Bangalore Genei Pvt. Ltd, Bangalore).
The PCR amplifications were performed on a PTC100 (M/s MJ Research Inc.) Thermal Cycler with a PCR profile of 94ºC for 5 min followed by 30 cycles of 1 min at 94ºC, 2 min at 58ºC, and 2 min at 72ºC with a final extension for 5 min at 72ºC. A volume of 8 µl of loading buffer (98 per cent formamide, 10 mM EDTA, 0.005 per cent each of xylene cyanol and bromophenol blue as tracking dyes) was added to each of the amplified product and denatured at 94ºC for 5 min, snap cooled using ice and separated on 5 per cent denaturing polyacrylamide gels (PAGE) containing 7 M urea at a constant current of 100 W. Multiplex loading of amplified products was followed based on the amplified product size range. Three sets of amplified products from the parents and F 1 s were loaded at an interval of 15 -30 min when the amplified products were distinctly different for their size ranges. The patterns of amplified products across the samples were resolved by silver staining (Panaud et al. 1996) .
Results and Discussion
A total of 75 SSR primer pairs surveyed on the parents CO2 and MNga-1 to identify polymorphic markers, 5 primers did not amplify any product. Among the remaining 70 primer pairs which gave amplification, 57 produced polymorphic bands between parents. The level of polymorphism was found to be 81 per cent and it showed high heterozygous nature of the parents. There were ten different types of banding patterns observed in F 1 progenies. The 57 SSR primer pairs producing polymorphic markers were used across 153 progenies. Out of the 57 SSR primers, SSRY32, SSRY36, SSRY83, SSRY339, NS149 and NS890 produced single band, which was polymorphic between parents (Table 1 ). The two alleles of the six SSR primers were amplified in all true hybrid progenies. Based on the above six primers, 12 progenies out of 153 population were identified as self-pollinated seeds of CO2 female parent. This is because in the 12 progenies amplified, there were only one allele of the female parent and remaining 141 progenies had both alleles of the parents (Fig. 1) and the progenies viz. 12, 20, 69, 82, 96, 119, 131, 133, 147, 149, 150, 151 produced female parent's (CO2) specific banding pattern in their individuals. The result was again confirmed by the primer SSRY43, where same 12 progenies showed the similar segregation pattern (Fig. 2) . After removing the 12 selfed progenies of CO 2 , the primer SSR399 amplified both alleles (double bands) in all the remaining 141 F 1 progenies (Fig. 3 ) of CO2 × MNga-1. This kind of seed contamination happens, may be due to collection of the same parents' male flowers unknowingly for pollination or collection of seed from non-hybridized fruits of female parent (CO2) and seed contamination from other seed lot by human error. The SSR markers identified for true hybrids development in CO2 × MNga-1 population were specific to this cross combination, for new crosses similar kind of homologous markers need to be identified. Similar findings were reported for identifying true hybrids in rice (Ye-yun et al. 2005 , Yashitola et al. 2002 , Hashemi et al. 2009 ), cotton (Wu et al. 2001 , Asif et al. 2009 , Dongre et al. 2011 , peanut (Gomez et al. 2008) , sugarcane (Manigbas and Villegas 2004, Zhang et al. 2009 ), sunflower (Iqbal et al. 2010) , oilpalm (Thawaro and Te-chato 2009 ) and cabbage (Liu et al. 2007 ). In all the above studies SSR markers were used for germplasm identification, cultivar fingerprinting, true hybrid identification, genetic purity testing, parentage confirmation of hybrids, and identify heterotic pattern in hybrids. Arrows indicate female parent (CO2) -specific marker (12, 20, 69, 82, 96, 119, 131, 133, 147, 149, 150, 151) and others are true hydrids. Arrows indicate female parent (CO2) -specific marker (12, 20, 69, 82, 96, 119, 131, 133, 147, 149, 150, 151) and others are true hydrids. The SSR marker is currently the preferred molecular marker for purity identification in many crops due to its high efficiency and simplicity. The SSR markers, which are producing single allele (homozygous locus) in parents, were very much useful for identification of true hybrids in the early stage of growth. This result in accurate molecular marker genotyping of the progenies for linkage map construction and identifying markers associated with trait of interest more precisely from F 1 progenies in cassava.
